We propose a unique mechanism called Initial Single Pion Emission existing in the Υ(5S ) decays, and further study the line shapes of dΓ(Υ(5S → Υ(nS )π + π − ))/dm Υ(nS )π + (n = 
12.2 ± 1.7 ± 4 10652 ± 2 ± 2 10.9 ± 2.6 [6] found that introducing the intermediate Z b (10610) and Z b (10650) contributions to Υ(5S ) → Υ(2S )π + π − naturally explains Belle's previous observation of the anomalous Υ(2S )π + π − production near the peak of Υ(5S ) at √ s = 10.87 GeV [7] . By the QCD sum rule and the constructed BB * molecular current, the authors in Ref. [8] reproduced the mass of Z b (10610). In Ref. [9] , the mass spectra of the S-wave [ [11] . However, the quantum numbers relevant to these suggested molecular bottomonia are inconsistent with those of the observed two charged Z b states. The authors in Ref. [12] studied the interaction between a light hadron and heavy quarkonium through the transition to a pair of intermediate heavy mesons, and discussed the resonance structures close to the B ( * )B * threshold [12] . In Ref. [13] , the discussion of Z b (10610) and Z b (10650) being tetraquark states was performed by using the chromomagnetic interaction. We notice that the bbqq tetraquark states with 10.2 ∼ 10.3 GeV were once predicted in Ref. [14] by using the color-magnetic interaction with the flavor symmetry breaking corrections, where the predicted mass is lower than that obtained in Ref. [13] and consistent with the values extracted from the QCD sum rule [15] . Very recently, the interactions of the B * B and B * B * were revisited by the one-boson-exchange model. After considering the Swave and D-wave mixing, we notice that both Z b (10610) ± and Z b (10650) ± can be interpreted as the B * B and B * B * molecular states [16] .
Generally speaking, these theoretical efforts mentioned above have improved our understanding of the properties of Z b (10610) and Z b (10650), especially stimulated the extensive and in-depth study of exotic states, which is an important and valuable research topic in hadron physic at present. If revealing the underlying mechanism behind these novel Z b structures much more comprehensively, we need to pay more phenomenological efforts from different perspectives. Thus, the study of whether Z b (10610) and Z b (10650) can be depicted without introducing any exotic structure explanation is becoming a very valuable research issue. Along this way, we will delve into this subject.
With Υ(5S ) → Υ(nS )π + π − as an example, we first illustrate the corresponding decay mechanisms of the hidden-bottom decays of Υ(5S ). One is that Υ(5S ) directly decays into Υ(nS )π + π − , which is usually depicted by the QCD Multipole Expansion method [17] [18] [19] . Another one is that the dipion in the Υ(5S ) → Υ(nS )π + π − process could be from the intermediate states σ(600), f 0 (980) and f 2 (1270) just indicated in Ref. [20] , where the intermediate hadronic loops constructed by the B ( * ) mesons play an important role to connect the initial Υ(5S ) with the final Υ(nS )π + π − . Besides these two production mechanisms, in this work we propose an important mechanism contributing to the Υ(5S ) → Υ(nS )π + π − decay, which is described in Fig. 2 . Υ(5S ) transits into B ( * ) andB ( * ) pair associated with a single pion emission. Due to the emitted pion with continuous energy distribution, B ( * ) andB ( * ) mesons with the low momentum easily interact with each other and further transit into Υ(nS )π by exchanging B ( * ) meson. We name such new picture presented here as Initial Single Pion Emission (ISPE) mechanism. To some extent, the ISPE mechanism existing in the Υ decays is similar to the well-known Initial State Radiation (ISR) mechanism in e + e − collisions, which has stimulated a series of observations of charmonium-like states X, Y, Z in the past years.
The ISPE mechanism exists in the hidden-charm or hiddenbottom dipion decays of higher charmonia or bottomonia. If the mass of higher charmonium/bottomonium is larger than the sum of the masses of D Since two Z b structures were observed in the hidden-bottom decays of Υ(5S ), we naturally relate the newly observed structures with the Υ(5S ) decay via the ISPE mechanism, and further exam whether the Z b structures can be reproduced in the Υ(nS )π ± invariant mass spectrum when including the diagrams in Fig. 2 .
In the following, we calculate the Υ(nS )π ± invariant mass spectra of Υ(5S ) → Υ(nS )(p 1 The general expressions corresponding to Fig. 2 (a) and (b) can be written as
where p 1 , p 2 , p 3 , q µν denotes the Lorentz structures constructed by four-momenta p 1 , p 2 , p 3 and q, which are obtained by the effective Lagrangian approach [21] [22] [23] 
In the heavy quark limit, the coupling constants in the above Lagrangians satisfy the relations
59 [24] , f π = 132 MeV and g 1 = − m χ b0 /3/ f χ b0 [23] , where f Υ and f χ b0 denote the decay constants of Υ(nS ) and χ b0 . The mass parameters of B ( * ) , Υ(5S ), Υ(nS ), h b (mP) are taken from Refs. [2, 25] .
In Eqs. (1)- (2), i g i denotes the product of all coupling constants involving in three interaction vertices (see Fig. 2 ). Additionally, we introduce monopole form factor
reflecting the structure effect of the interaction vertices of B ( * )B( * ) Υ(nS )π transitions in Υ(5S ) → Υ(nS )π + π − decay, which also compensates the off-shell effects of the mesons at the vertices. Here, q denotes the four-momentum of the exchanged B ( * ) meson. Λ is a phenomenological parameter, which can be parameterized as Λ = m B ( * ) + βΛ QCD with Λ QCD = 220 MeV.
The differential decay width for
2 , where the overline indicates the average over the polarizations of the Υ(5S ) in the initial state and the sum over the polarization of Υ(2S ) in the final state.
With the above preparation, we obtain the line shapes Fig. 3 . To explicitly illustrate the phenomena of the ISPE effect on Υ(5S ) → Υ(nS )π + π − decays, we individually consider the intermediate BB * + h.c., B * B * and BB contributions to Υ(5S ) → Υ(nS )π + π − process. Thus, we take the coupling constants of Υ(5S ) interacting with B ( * )B( * ) π as 1, which does not change the line shapes of dΓ(Υ(5S ) → Υ(nS )π + π − )/dm Υ(nS )π + . In our calculation, β = 1 is taken. We need to specify that these line shapes are weakly dependent on the β value, which makes the qualitative conclusion obtained in this work to be unchanged.
Just shown in the first and the second columns of Fig. 3 , combined with the corresponding reflections, the sharp peaks around BB * and B * B * thresholds appear in the m Υ(1S )π + and
. The comparison of these results with the Belle data [1] indicates that we indeed can mimic the peak structures similar to the Z b (10610) and Z b (10650) reported by Belle if introducing the ISPE mechanism.
The theoretical result of the Υ(5S ) → Υ(3S )π + π − decay further indicates that there also exists a peak around 10610 MeV, which combines with its reflection in the m Υ(3S )π + distribution to form a broad structure. In addition, a structure at ∼ 10650 MeV and its reflection are reproduced. These results qualitatively and naturally explain why there are three structures appearing in the Υ(3S )π + invariant mass spectrum just announced by Belle [1] .
We continue to extent the ISPE mechanism to study the The Belle data also give a very intriguing phenomenon, i.e., there does not exist the structure near the BB threshold. Our mechanism can provides a direct explanation to it. If only considering the BB contribution in Fig. 2 , our calculation shows that we cannot find the sharp peak close to the BB threshold in the Υ(nS )π + and h b (mP)π + invariant mass spectra. Alternately, the smooth line shapes similar to phase space of corresponding decay processes appear in the invariant mass spectra of Υ(nS )π + and h b (mP)π + . We naturally explain why the Belle Collaboration can find the charged Z b (10610) and Z b (10650) structure in five different hiddenbottom decay channels. Thus, the ISPE mechanism presented in this letter provides a unique perspective to understand the Belle's observation [1] without introducing any exotic state assignments. Additionally, our model also answers why Belle did not find the charged structure near the BB threshold in the Υ(nS )π + π − and h b (mP)π + π − channels.
FIG. 4: (Color online.) The theoretical curves of dΓ(Υ(5S
If the ISPE mechanism is a universal mechanism existing in the Υ(5S ) decays, this study presented in this letter can be extended to include the theoretical study of the dipion hidden-bottom decays of Υ(11020), and even the dipion hidden-charm decays of higher charmonia ψ(4040), ψ(4160) and ψ(4415), which could produce some other similar structures near the thresholds of B ( * ) (s) or D ( * ) (s) meson pair. Further experimental search for these novel phenomenons will be an interesting research topic.
